The new method of design of relatively narrow band ladder type SAW filters is proposed. It consists of thinning procedure with consecutive randomization of positions of the remained transductive periods inside the IDT. The filter with 0.9% fractional bandwidth and with 3 dB insertion loss was designed on 42 o -cut of LiTaO 3 , using this approach. The method completely suppresses undesirable additional passbands which appear if periodic thinning is used. Experimental results, confirming the validity of the method, are presented.
I. Introduction
Ladder Type Surface Acoustic Wave (SAW) filters are widely used in modern telecommunication systems in GHz range due to its small insertion loss, relatively wide bandwidth and small size. The basic ladder SAW filter structure consists of several single port SAW resonators with ladder type connection between them (Fig. 1a) . Series-arm resonators have the anti-resonance frequency f 2aR slightly higher then the resonance frequency f 1R of parallel-arm resonators. It could be shown (1), that for frequency f 1R < f< f 2aR the structure from Fig. 1a has the passband ( Fig. 1b) with low loss if the resonance frequency of series-arm resonator is equal or very close to the anti-resonance frequency of the parallel-arm resonatoer . The Resonance-anti-Resonance fractional frequency distance F ar = | f 2aR -f 1R | ⁄ f 1R (Fig.1b) , which determines the passband of ladder filters, can be expressed through transducer static capacitance C 0 and transduction coefficient (2):
where K 2 is the piezoelectric coupling constant (1). Typical design of the filter with 1-3 dB insertion loss and more than 30 dB sidelobes suppression gives for the fractional flat passband width DF the value (2) DF 0.5 F ar . [2] That is the "rule of thumb", which can be circumvented by sophisticated design to some extend but the designs with DF > 0.5K 2 give high passband ripples and with DF < 0.5K -unacceptable insertion loss (1), if this "rule" is violated more than 20% or so . 
II. The piezoelectric coupling modification method
In accordance with [1] the coupling coefficient and, hence, the final bandwidth of the ladder filter could be reduced or increasing the C 0 or reducing . However it is difficult to control precisely the capacitance and the filter design becomes sensitive to variations of metallization ratio, thus, the method of reducing of the filter fractional bandwidth by reducing the value of effective piezoelectric coefficient was used in this article. To reduce the coupling coefficient it is necessary to change the geometry structure of the IDT. The structure of typical one port synchronous resonator, which is used both in series and parallel arms of the ladder filter, is shown in Fig. 2a . The active period of the IDT of such a resonator consists of two fingers with equal width connected to opposite buss bars. The IDT has totally N active periods. One can switch the polarity of, say, upper electrodes in several periods of the IDT, making them inactive. Inactive periods have zero coupling to the SAW ( = 0), thus, in this case the average transduction coefficient of the IDT period in such a structure e = (N-M) /N. [3] where M -is the number of inactive periods. . (N-M) in this case is the number of active periods, which remains in the IDT. The static capacitance is reduced in the same proportion. Substituting [1] into [3] , one has: 
The process of selective periodic switch of polarity of the fingers (Fig. 2b) is used in the design of SAW filters (3) to minimize internal electrical reflections in the IDT. In this case if, say, each second period is inactive (Fig. 2b) , parasitic electrical regeneration decreases by half (4). The drawback of this process is the appearance of parasitic additional passbands equal in shape to the main one but shifted in frequency (3). It is the new periodicity of the structure (new period consists of one active and one inactive period) , that gives rise to parasitic passbands. In case of wide band IF SAW filter this periodicity can not be broken because it would lead to crash of the main passband. In contrast to this, the situation in ladder filter is different, because we are not interested here in the transmission passband of the IDT, but only in its impedance. In fact the IDT is used in the resonator only to SAW-to-RF and back energy conversion. The resonance frequency is practically determined by the periodicity and geometry of electrode structure, while percentage of "hot" , active finger pairs determines the F ar . This fact could be exploited in ladder SAW filters to suppress undesirable parasitic bandwidths In the following way: after the number M is determined for given design, the M inactive periods ECS Transactions, 23 (1) 303-309 (2009) should be randomly distributed inside the IDT as in Fig. 3c for example. Randomization will destroy parasitic bandwidths, keeping the main band of LT filter practically unchanged. the bandwidth smaller than natural one could be designed, using this method). 2. Place randomly M inactive periods inside the IDT and make standard design procedure. The "natural" flat bandwidth for such case will be equal to desirable DF eff and all other design parameters (aperture, number of reflectors etc,) could be chosen, using standard methods of the design (1). 3. If small ripple in passband due to randomization remains, it is necessary to apply random placement several times and choose the best result. It is also should be remembered that M obtained in the first step is the approximate value. It might be useful to make slights changes in M within 5% of the initial value to obtain the best performance. 
III. Design process and experimental results
The LT SAW filter with central frequency 1.305 GHz and 12 MHz bandwidth (DF eff =0.9 %) was designed for the use in special communication system. The structure shown in The equivalent circuit model (1) was used to simulate the insertion loss of the filter. The simulator was implemented in MATLAB with standard MATLAB routing "random" used to place inactive periods into random positions. At the first stage M inactive periods were inserted in the IDTs periodically, namely in each group of 6 periods only first and second periods remained active in all resonators.
IV. Results and discussion
Experimental result of measuring of insertion loss for the periodically thinned filter together with experimental results for the same filter but with inactive periods placed randomly are shown in Fig. 3 . Measured and simulated passbands of the filter with random thinning applied are shown in Fig. 4 . As it was discussed above, additional parasitic passbands were observed for periodically thinned filter. It is clear from comparison of Fig. 3 and Fig. 4 , that the proposed random thinning method completely suppresses the undesirable image passbands of the LT filter. Passband of the filter is flat and insertion loss is around 3 dB (see Fig. 4 ). The 1-dB bandwidth is only 11.8 MHz, which would be impossible to obtain without thinning. The differences between simulation and experimental result in Fig. 4 could be attributed to reflection coefficient value used in simulation. As it was pointed out earlier the passband of randomly thinned final filter is slightly different for different distributions of inactive periods. This happens because strictly speaking any thinning process gives approximately the same result independently on active periods distribution only at the central frequency of the IDT. For the final frequency band the contribution of the IDT to the filter impedance depends on position of each active period. Computer experiments shows, however, that for all reasonable specifications, there exist distributions of active periods, which give passband ripple equal only to the fraction of dB, which is completely acceptable for all practical applications. Typical examples of performance curves generated in such simulation process is shown in Fig. 5 , where the differences between curves correspond only to different locations of the active periods determined by the random generator. In practice it was found that maximum 10 runs of random generator were necessary to obtain the acceptable curve. It could be pointed out that the method proposed has interesting "byproduct", which improve the final characteristics. The fact that we decrease K 2 means that not only the flat passband of the filter decreases but transitional bandwidth follows this trend as well, giving rise to sharpness of the filter. In our case 20-dB , 23 (1) 303-309 (2009) bandwidth was about 22 MHz, the value which is very difficult to obtain with such a small insertion loss, using any other method.
ECS Transactions
Finally, even more radical way to decrease the coupling would be to change polarity of some percent of active pairs of electrodes in the IDT. That would be more or less equivalent to making double number of pairs passive, but keeping the capacitance not reduced in the same proportion. This approach may result in increased loss due to the bulk wave generation.
V. Conclusion
The proposed method, called here "random thinning" can be used for design of the ladder type SAW filters with fractional bandwidth much smaller than that one determined by optimum value of the K 2 . The method does not produce undesirable parasitic passbands and provides excellent sharpness of the LT filter. Experimental results confirmed the validity of the proposed method.
IL(dB) Fig. 5 . Insertion loss of the ladder filter for three different runs of random generator. Dashed lines correspond to discarded designs and the solid one -to the design, which was accepted as the final one.
